Beta-catenin can be cleaved by caspase-3 or degraded by activated glycogen synthase kinase-3b via phosphorylating b-catenin. We tested the hypothesis that b-catenin undergoes degradation after stroke, and its degradation is dependent on caspase activity. Stroke was generated by permanent middle cerebral artery occlusion and 1h of transient bilateral common carotid artery occlusion in rats. Active caspase-3 was expressed in the ischemic cortex from 5 to 48 h after stroke, whereas b-catenin markedly degraded at 24 and 48 h after stroke. The caspase 3-speci¢c inhibitor, Z-DQMD-FMK, attenuated b-catenin degradation, but it did not a¡ect phosphorylation of both b-catenin and glycogen synthase kinase-3b. In conclusion, b-catenin degraded after stroke, and its degradation was caspase-3 dependent.NeuroReport 19:821^824
Introduction
Beta-catenin as a transcription factor plays a critical role in cell survival [1] . It is phosphorylated by activated glycogen synthase kinase (GSK)-3b. When GSK-3b is dephosphorylated, b-catenin then degrades in the proteosome [1] . Conversely, b-catenin is stabilized by GSK-3b phosphorylation and translocates into the nuclei regulating gene expression, therefore supporting cell survival [2] . b-catenin has other functions in neurons, such as forming synapses by associating with multiple cell adhesion proteins, including a-catenin, p-catenin, and cadherin [3] . Therefore, stabilizing b-catenin is essential to maintain neuronal functions.
Both signal pathways of the GSK-3b/b-catenin [4] and caspase-3 [5] are known to mediate ischemic injury after stroke. GSK-3b is dephosphorylated, thus activated after stroke, and b-catenin translocates into the nuclei in the ischemic penumbra after stroke [6] . In addition, inhibiting GSK-3b activity reduces ischemic injury [4] . In contrast, caspase-3 activity increases after stroke contributing to neuronal apoptosis [5] . We and others have shown that inhibiting caspase-3 activity reduces ischemic injury [5] . Beta-catenin has been reported to be cleaved by activities of caspases in non-neuronal cells [7] . Nevertheless, whether b-catenin is degraded after stroke and whether its degradation is regulated by caspase-3 activity have not been studied.
In this study, we tested the hypothesis that b-catenin undergoes degradation after stroke, and studied whether its degradation is dependent on caspase-3 activity in a focal ischemia model in rats.
Methods and materials
Experimental protocols were approved by the Stanford University Administrative Panel on Laboratory Animal Care.
Focal cerebral ischemia
Focal ischemia was generated as described previously [8] . Anesthesia was induced by 5% isoflurane and maintained with 2-3% isoflurane during surgery in male Sprague-Dawley rats (350-390 g). Core body temperatures were monitored with a rectal probe and were maintained at 371C throughout the experiment. The distal middle cerebral artery was exposed and cauterized permanently above the rhinal fissure. The bilateral common carotid arteries (CCA) were occluded for 1 h and then released.
Drug delivery
A cell-permeable caspase-3-specific inhibitor, Z-DQMD-FMK, was dissolved in dimethylsulfoxide and PBS as described [9] . Briefly, the drug solution (1.5 mg) or the vehicle was injected into the ventricular space (from bregma: anteroposterior¼À0.92 mm, mediolateral¼1.5 mm, dorsoven-tral¼3.5 mm) ipsilateral to the ischemia at 2 h after CCA release. At 24 h after CCA release, the brains were removed and whole cell extracts were prepared for western blots.
Immunofluorescence staining and confocal microscopy
Rats were perfused transcardially with normal saline followed by fixation with 4% paraformaldehyde for 24 h. Brains were cut on a vibratome into slices of 50 mm, and stored in antifreeze solution at À201C. Free-floating immunostaining was performed as described [8] . The primary antibody of active caspase-3 (1;200, Cat #557035, BD Pharmingen, San Diego, California, USA) and the secondary antibody of Alexra Fluor donkey anti-rabbit IgG (1 : 500, Cat #A21026, Invitrogen, Carlsbad, California, USA) were used. Sections were double stained with DAPI (Vector Laboratories, Inc., Burlingame, California, USA), coverslipped and examined under a LSM510 confocal laser scanning microscope (Carl Zeiss, Thornwood, New York, USA). Negative controls, in which the primary antibodies were omitted, were run in parallel.
Western blots
To determine protein levels of phosphorylated and total protein of b-catenin, at 5, 24, and 48 h after stroke onset, brain tissues corresponding with the ischemic penumbra were dissected for western blot (Fig. 1 ). Whole cell protein was extracted from the fresh brain tissue, and western blot was performed as described with modification [8] . In each lane 20 mg of protein was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis using 4-15% Ready Gel (BIO-RAD Laboratories, Cat #L050505A2, Hercules, California, USA) for 1.5 h. Protein bands were transferred from the gel to polyvinylidinene fluoride (Millipore, Bedford, Massachusetts, USA) membranes for 1 h.
To determine phosphorylated GSK-3b or total protein levels of GSK-3b, and phosphorylated b-catenin, primary antibodies of rabbit antiphosphorylated GSK-3b (Ser9) (1 : 1000, Cat #9336, Cell signaling, MA), rabbit anti-GSK3b (1 : 1000, Cat #9332, Cell signaling, Massachusetts, USA), and rabbit antiphosphorylated b-catenin (1 : 1000, Cat #9561, Cell signaling) were incubated overnight and followed by a horseradish peroxidase-conjugated secondary anti-rabbit antibody (1 : 1000, Cell Signaling Technology, Massachusetts, USA) for 1 h, incubated with ECL plus solution (GE Healthcare, Sunnyvale, California, USA) for 5 min. The membranes were scanned using Typhoon trio (GE Health, Sunnyvale, California, USA).
To detect b-catenin and b-actin, the membranes were incubated overnight at 41C with gentle agitation in a mixture of primary antibodies consisting of anti-b-catenin and b-actin (1 : 20000, rabbit, Bethyl, cat. A300-491A, Texas, USA) then incubated with secondary antibodies of Alexa Fluor647 donkey anti-mouse (1 : 1500) for detecting bcatenin and Alexa Fluor488 donkey anti-rabbit (cat. A21206, Invitrogen, Eugene, Oregon, USA) at 1 : 5000 for detecting b-actin, for 1 h at room temperature and shielded from light. Protein bands of b-catenin and b-actin were scanned simultaneously by the Typhoon trio.
Statistics
For western blot, t-test was used to compare optical densities of protein bands between vehicle and the caspase inhibitor-treated rats. Data were considered statistically significant for P values of r0.05. Data are presented as mean7SEM.
Results
Active caspase-3 was expressed in the ischemic cortex from 5 to 48 h after stroke ( Fig. 2a ), whereas protein levels of b-catenin markedly decreased at 24 and 48 h after stroke (Fig. 2b) , which has been reported in our earlier study [8] . We then studied the effect of caspase-3 inhibitor on b-catenin levels at 24 h. Inhibiting caspase-3 activity attenuated reduction in protein levels of b-catenin at 24 h while it had no significant effect on b-catenin phosphorylation ( Fig. 3 ). We further examined the effect of the caspase inhibitor on GSK-3b phosphorylation and total protein of II I Fig. 1 A diagram indicating the penumbral and core areas of the ischemic cortex, and the corresponding areas from sham animals that were dissected for western blot. Regions I and II represent the ischemic penumbra and core, respectively. GSK-3b, molecules upstream of b-catenin. GSK-3b phosphorylation decreased at 24 h but caspase inhibition did not significantly affect its levels; total protein of GSK-3b did not change at 24 h, nor did caspase inhibition affect its level (Fig. 4 ).
Discussion
To the best of our knowledge, we are the first to demonstrate that inhibiting caspase-3 activity blocks degradation of b-catenin 24 h after stroke. Beta-catenin is known to be a substrate of caspase-3, and several reports have shown that caspase activity cleaves b-catenin and some cleaved bands are detected by western blots [10] . We have shown previously that caspase-3 activity was increased in the ischemic brain using this ischemic model [11] . We did not detect cleaved bands of b-catenin in this study. The lack of cleavage band in this study is probably because of the choice of antibody, as one earlier study has reported that only a C-terminal antibody, but not the N-terminal antibody which was used in our study, can detect cleavage bands of b-catenin [12] . Nevertheless, active caspase-3 was expressed in the ischemic cortex from 5 to 48 h after stroke, and inhibiting caspase-3 activity did block the reduction in total b-catenin after stroke, suggesting that degradation of b-catenin is caspase-3 activity dependent. Although the protein level of b-catenin is decreased by GSK-3b activity causing its proteosome degradation, the effect of the caspase-3 inhibition blocking b-catenin degradation may not be achieved via its effect on GSK-3b in this study. This conclusion is on the fact that the caspase-3 inhibitor did not affect phosphorylation of both GSK-3b and b-catenin. Therefore, the effect of the caspase inhibitor attenuating reduction in protein levels of b-catenin may be achieved In conclusion, we demonstrated that b-catenin was degraded after stroke, and that the degradation is caspase dependent.
